
INTRODUCTION

The four Ticosonde balloon-sounding 
campaigns in Costa Rica (10° N, 84° W) 
since 2004 together comprise an 
unprecedented set of high-frequency and 
high-resolution radiosonde data and 
profiles of water vapor and ozone to 
examine the temporal variability and 
vertical structure of the tropical 
tropopause layer (TTL). They also are a 
valuable resource for Aura validation 
studies. In each of the campaigns the 
temperature and wind profiles reveal a 
rich mix of laminations in the lower 
stratosphere. Water vapor and ozone 
profiles from the University of Colorado 
frostpoint hygrometer and ozonesonde 
payload indicate that some of these 
laminations have characteristics of 
mixed layers while others appear to be 
caused by waves propagating upward 
from disturbances in the troposphere. 
Laminations producing very cold 
tropopause temperatures are observed to 
produce dehydration, probably nearly 
local and very likely also due to synoptic 
scale ascent. These observations suggest 
that wave activity in the TTL play an 
important role in the control of water 
vapor at the threshold of the 
stratosphere. It also appears that the 
dyanmic range of temperature anomalies 

LAUNCH CAMPAIGN DETAILS

All launches took place at the radiosonde site 
operated by the Instituto Meteorológico Nacional 
(IMN) at Juan Santamaria International Airport, 
Alajuela, Costa Rica [10° N, 84.2°  W] under the 
direction of IMN radiosondistas.

Vaisala RS92-SGP radiosondes were used during 
the campaign almost exclusively. The ground 
equipment was a DigiCORA MW11 upgraded for 
RS92 monitoring and processing. A team of 
students from the University of Costa Rica 
processed the soundings and assisted in launches 
and monitoring. The median altitude of the ascents 
was ~26 km.

A team of students, faculty and staff from the 
University of Colorado and the Universidad 
Nacional launched 24 combined cyrogenic 
frostpoint hygrometer (CFH) and ozonesonde 
payloads between July 8 and 25. Typical altitudes 
achieved were 30 km.

 Using the Ticosonde high-frequency radiosonde dataset together 
temperature profiles from GPS radio occultation (RO)  we will 
show that these deeper layered structures are:

•  associated with downward phase propagation of  
at least two types of equatorial waves with 
periods of ~2 days and 4-5 days

•  coherent over a large region and not induced by 
local convection

Furthermore, the cooling associated with these wave events can 
be a mechanism for large-scale dehydration as is 
demonstrated in two profiles of water vapor and ozone obtained 
from our campaign of coordinated balloon launches at Juan 
Santamaria.

Wave-induced cooling at the tropopause and the Quasi-
Biennial Oscillation
The extreme cooling and concomitant dehydration at the tropopause to roughly 3 
ppmv on July 19, and similar event on July 11, shown in Figure 2 came about 
through the superposition of wave-induced cold anomalies.  Figure 3 shows that 
Ticosonde/Aura-TCSP soundings in 2005 occurred during a strong easterly period 
of the Quasi-Biennial Oscillation while the Ticosonde/NAME measurements in 
2004 took place in during weak easterly phase. Ticosonde/Veranillo soundings in 
2006 took place as the easterlies were beginning to descend through 30 km.

WAVE STRUCTURE and LARGE-SCALE COHERENCE 
WITH GPS RADIO OCCULATION PROFILES

Fig. 3 shows time height cross-sections of temperature anomlies 
and winds up through the middle stratosphere. Both the 
temperature and the zonal wind show a very regular downward 
phase propagation with a period of 4-5 days. The dominant wave 
component in the meridional wind also appears to be 4-5 days 
although there is some higher frequency power as well. 

One likely possibility is that this wave feature is a Yanai or mixed-
Rossby-gravity wave (Dunkeron, personal communication) with a  

wavelength of thousands of 
kilometers.  Thus the layering 
evident here should be apparent 
over a comparable distance from 
Juan Santamaria. 

Fig. 4. at right plots locations of 
GPS radio occultation temperature 
profiles with wave features from 
the CHAMP satellite in the Costa 
Rican neighborhood from June to 
October 2005. 

A number of these are plotted in Fig. 5 (at right) along with the 
Ticosonde ascent closest in time to the radio occultation. Some 
remarkable similarities are evident, in particular the features on 
July 11 in the second pair of panels from the top.  (Note that the 
radiosonde profiles have data every 2 sec or approximately every 
10 m.)

SUMMARY AND FURTHER WORK

The GPS radio occultations provide strong evidence that the 
layering and episodic dehydration in the Juan Santamaria 
soundings are indeed due to large-scale waves, as the time-height 
cross-sections suggest, with the potential of significantly affecting 
the water vapor budget of the tropical tropopause layer.
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The extremely cold tropopause on July 19th is evident in the top 
panel of Fig. 3 on Day 201, and substantial dehydration that was 
occurring as a result is shown in Fig. 6 below, as was the case for 
the earlier event on the 11th of July.  Such events, unlike 
convectively-induced dehydration,  should be causing dehydration 
over a broad region.

.

Introduction
The temporal variability of the deep tropical upper troposphere and lower stratosphere, 
or UT/LS, during the northern summer season is, like the troposphere below, dominated 
by wave disturbances at synoptic and shorter time scales. This is certainly true in the 
ITCZ of the Caribbean/Central American region.  Particularly prominent in Figure 1 at 
right is a westward-propagating diurnal variation in cold cloudiness which is modulated 
on timescales of several days and longer by a complex of eastward moving disturbances.  
Some of these disturbances propagate vertically through the Tropical Tropopause Layer 
(TTL) and into the stratosphere above where quasi-biennial variations of the zonal wind 
profile will affect the rate and depth of the energy propagation.

Figure 4 plots the mean soundings for the three Ticosonde northern summer 
campaigns.  While it is noticeably cooler at 50 mb during the strong easterly 
period in 2005, the tempeature range of the coldpoints in 2004 is restricted 
relative to the other two years. We suggest that the cause of the greater 
amplitudes of the coldpoint variations in the latter two years is related to the 
stronger shear above the tropopause.

Interannual variability of upward wave propagation and dehydration at the tropopause
Theory suggests that the upward group velocity of wave disturbances could be inhibited for at least some waves by 
strong easterly shear in the lower stratosphere, with one result being a buildup of wave energy near the tropopause.  
The time-height cross-sections of T, U and V anomalies in Figure 5 lend support to this notion, as they indicate that 
there was more propagation of wave energy in 2004 into the middle stratosphere compared to 2005 and 2006. The 
greater variability of temperatures in the latter two years near the tropopause, and the potential for dehydration in 
extreme cold events, occurred during the presence of significant easterly shear in the lowermost stratosphere. In this 
way the QBO may indirectly influence the dehydration of the stratosphere.  

Disturbances propagating through the TTL and into the stratosphere
Figure 5 shows very regular downward phase propagation through the lower stratosphere and into the TTL, 
indicative of upward propagation of wave disturbances. These are likely related to integrated forcing by convective 
activity over the region (see Figure 1 above.) The dominant frequency is 4-5 days, and there are likely to be both 
Kelvin and mixed-Rossby gravity (Yanai) wave contributions.  
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Fig. 3. Time-height cross-sections of deviations of (top) temperature from the time 
mean for 16 June - 24 August (days 167-236), (middle) zonal wind, and (bottom) 
meridional wind from 4X daily soundings at Juan Santamaria International Airport.

Fig. 1. Upper troposphere and lower stratospheric portion of radiosonde 
ascent from Juan Santamaria at 18 UT July 19, 2005. Temperature in red, 
dewpoint in blue. The cold tropopause in this instance was associated with 
substantial dehydration (see Fig. 6).

Fig. 2. Time mean profiles from the 4-times-daily 
radiosonde launches. At left, temperature (in red) and 
dewpoint (in blue). At right, zonal wind  (in green) and 
meridional wind (violet). Mean values bracketed by plus 
and minus 1 standard deviation.

Fig. 6.  The lefthand panel shows the envelope of water vapor measurements 
by the CFH during the entire campaign, and the blue and red traces 
superposed show the extreme values on the 19th. At right, the ozone profile 
is shown in a similar fashion.  Note the prominent inversion above the 
dehydrated layer and the layer with both high water vapor and high ozone 
immediately above.

Fig. 1: Hovmöller diagrams for the month of July in 2004, 2005 and 2006 of fractional coverage of GOES-12 brightness temperatures below 235 K 
beween 8 and 12°  N over the longitude band 60° -110°  W.  The heavy red line shows the longitudinal location of Juan Santamaria International 
Airport, Alajuela, Costa Rica. 
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Fig. 2: The entire set of 24 profiles of water vapor mixing ratio and saturation mixing ratio  (left) 
and ozone measured  during the Ticosonde/Aura-TCSP sounding program in July 2005 by a balloon 
payload with the University of Colorado cryogenic frostpoint hygrometer (CFH) and an ECC 
ozonesonde. The profiles in bold were taken close to midday (18UT) on July 19.

Fig. 3: Ticosonde mean winds for (from left) the month of July in 2004, 2005, and 2006. Zonal wind 
in green, meridional wind in violet; outer lines define plus/minus 1 standard devation.

Fig. 4: As in Fig. 3 but for profiles of temperature and dewpoint. Winds plotted at right with barbs in 
knots. Individual coldpoint tropopauses are indicated by the black crosses. 2004 data is all Vaisala 
RS90-AG, 2005 all RS92-SGP and 2006 is roughly 2/3  RS92 and the rest RS80.

Fig. 5: Time-height cross-sections of anomalies of T, U and V between  the surface and 25 km for the two-month periods of 6/16-8/31 in 2004 and 
2005 and the month of July in 2006. 


